Submicroscopic particles (microsomes) isolated from the livers of various animals by means of differential centrifugation are obtained in the form of a transparent jelly with a distinct amber color." 2 The nature of the coloring matter of these particles has not been thoroughly investigated. The fact that microsomes possess little oxidative enzyme activity2 suggests that the amber hue is not due to the normal cytochrome pigments associated with biological oxidations. Bensley3 has extracted with lipid solvents from microsomes a red colored material which he suggests is lipid in nature. In this communication we wish to present evidence that the major intrinsic pigment of liver microsomes is a hemochromogen compound resembling, but distinct from, the well known cytochromes a, b and c first described by Keilin.4 Materials and Methods.-The tissue used in these studies was rat liver, perfused in situ with cold isotonic saline to remove blood pigments which might otherwise contaminate the homogenate prepared from it. The perfused liver was homogenized in 9 volumes of ice-cold 0.25 M sucrose, and the homogenate fractionated by differential centrifugation at 0-50C.5
perfused in situ with cold isotonic saline to remove blood pigments which might otherwise contaminate the homogenate prepared from it. The perfused liver was homogenized in 9 volumes of ice-cold 0.25 M sucrose, and the homogenate fractionated by differential centrifugation at 0-50C. 5 The microsome fraction so obtained presented a typical transparent, dark amber appearance. Finally, to wash away pigments that might be merely adsorbed, the microsome pellets were rehomogenized in ice-cold isotonic saline and recovered by high-speed centrifugation.
For the spectrophotometric studies, washed microsome pellets were treated with a solution of 1% Na desoxycholate in 0.05 M glycylglycine buffer, pH 7.0 in a manner similar to that described by Ball, Strittmatter and Cooper6 for a heart muscle preparation. The slightly turbid preparation obtained was centrifuged at 110,000 times the force of gravity for 15 minutes at 0-5o and the clear orange fluid removed by pipette from between a minute -colorless precipitate and a white scum-like surface layer. These desoxycholate preparations were prepared so that they contained the microsomal material from 0.5 g. of liver in each milliliter of solution.
Samples of this microsome preparation were placed in special vessels consisting of a Thunberg tube fused to a standard Beckman corex cuvette. When atmospheres other than air were required, the vessels were evacuated 3 times, flushed and equilibrated with the desired gas. can readily be seen with a hand spectroscope, both with the desoxycholate preparation and the buffered microsome suspensions. No absorption bands of other materials such as cytochrome a, b or c were noted in the range 700 to 380 m,u, though they may be present in low concentrations and be masked by the intense absorption of this hemochromogen.
To determine the type of heme present in this hemochromogen, microsomes were treated in an alkaline solution with pyridine and dithionite. Absorption bands appeared which were narrower and much more intense than those seen in reduced microsome preparations. The absorption spectrum of this solution, as determined in the Beckman spectrophotometer, was the same as that described for reduced pyridine protoporphyrin hemochromogen.7 Using the extinction coefficients as given by Drabkin7 for the bands of pure pyridine protoporphyrin hemochromogen at 557 m,u and 527 mi,, we have calculated from this absorption spectrum, the heme content of the microsomes. The results are equivalent, to 1.45 X 10-1 mols heme per gram microsome protein or 3.75 X 10-8 mols per gram of fresh liver. This is a value about three times that of the concentration of cytochrome c in heart muscle (cf. 6).
The hemochromogen content of the microsomes was reasonably constant (+ 15%) in preparations from a number of rats. Neither the concentration of the hemochromogen nor the postion of its absorption bands was altered by a variety of experimental procedures. In preparations from thoroughly perfused livers, no spectroscopic alterations were caused by washing the microsomes with different solvents (0.05 M glycylglycine, pH 7.0; 0.05 M phosphate buffer, pH 6.0-8.0; 0.25 or 0.88 M sucrose; or water), by washing several times, or not washing at all. Nor was perfusion necessary, provided that an effective wash, either isotonic saline or phosphate buffer, was used to remove the blood pigments which will adhere to microsomes prepared in hypertonic sucrose. In view of these facts and that the techniques and conditions employed in the preparations were such as to produce the least possible damage to the material studied, it seems reasonable to conclude that this hemochromogen is an integral part of the microsomes.
It should also be pointed out that the hemochromogen is concentrated in the microsomes. If it is present in other liver fractions, then its concentration is too low to be distinguished in the spectra we have measured. For examples, the spectra of a washed liver mitochondrial fraction treated with desoxycholate in the same manner as described for the microsomes are shown in figure 1. In the reduced preparation the bands of cytochromes a, b and c are clearly discernible, absorbing at 605, 562 and 551 m,u, respectively, but there is no indication of a compound absorbing preferentially at 557 m,u.
Various compounds were added to microsome solutions under anaerobic conditions to test whether they would reduce the hemochromogen. Addition of a 10-3 M solution of reduced diphosphopyridine nucleotide produced instantly a 90% reduction as measured by comparing the height of the absorption bands with those obtained by adding dithionite. Addition of ascorbate produced about 60% reduction, while no measurable reduction was observed upon the addition of succinate, lactate, or para-phenylenediamine. Added cytochrome c can be reduced in the presence of the microsome preparation upon the addition of reduced diphosphopyridine nu-cleotide or succinate. A partial reduction of the hemochromogen occurs when the microsome preparation is allowed to remain several hours at room temperature under thoroughly anaerobic conditions in the absence of any added substrate.
Preparations of the hemochromogen that have been reduced by dithionite or reduced diphosphopyridine nucleotide are reoxidized when equili--brated with air. Since reoxidation is not inhibited by 0.1 M KCN, which inhibits reoxidation of added reduced cytochrome c, and since urethane and SN 5949, an antimalarial naphthoquinone,8 are without effect in concentrations at which they inhibit oxidative reactions, it is reasonable to assume that the hemochromogen is 'autoxidizable.
The behavior of the pigment upon the addition of various classical hemochromogen reagents was observed. Addition of 0.01 M KCN, 0.1 M urethane or 10-4 M SN 5949 to the oxidized or reduced microsome solution produced no observable spectrum change. Equilibration of a reduced solution with carbon monoxide did not cause a shift of the absorption peaks. When a microsome suspension in the oxidized state was equilibrated with nitric oxide, absorption bands in the visible range appeared at 570 and 535 m,. These bands are, respectively, 12 m,u and 8 m,u higher than the bands of the reduced form. An identical spread was found between the bands of the nitric oxide compound of cytochrome c and its reduced form.
A rough estimate of the oxidation-reduction potential of the hemochromogen was obtained by titrating with dithionite, under nitrogen, a suspension of microsomes in glycylglycine buffer, pH 7.0. An oxidationreduction indicator dye of suitable potential was added. The degree of reduction of the hemochromogen was observed with a hand spectroscope during the course of the titration; and the potential at each point was estimated by comparing the intensity of dye color in the microsome solution with a series of standard dye solutions. The usual precautions were taken to compensate for the color of the microsome solution. The results of these determinations, given in table 1, indicate that the Eo' value for the hemochromogen at 23°C. and pH 7.0 lies in the neighborhood of -0.12 volt.
Discussion.-Ithaslong been known that liver and a few other mammalian tissues possess an anomalous cytochrome spectrum.'2 Whereas the reduced spectra of homogenates from most actively metabolizing mammalian tissues show distinct bands of cytochromes b and c at approximately 562 my and 550 m,u respectively, similar preparations from whole liver show in this region a broad, poorly defined band, with a maximum near 560 mj,, which is very similar to the so-called cytochrome bi found in yeast grown under anaerobic conditions"3 and in other micro-organisms. ' 4 It has been recorded above that the spectra of liver mitochondria, the particulate fraction which contains most of the oxidative enzyme activity of the cell, show the presence of the normal cytochrome components. It may therefore be suggested that the anomalous spectrum of liver results from the masking of the normal cytochrome absorption spectrum of the mitochondria by the intense absorption of the microsome hemochromogen.
Recently Yoshikawa"5 has obtained from whole liver, by the method of Keilin and Hartreel6 for preparing cytochrome oxidase, a preparation which on spectroscopic examination shows absorption bands at 560 my and 525 m,u. Following the nomenclature of Fujita and Kodama14 he calls this hemochromogen cytochrome bi. The bands of this component were also observed in kidney and ovary though not in heart or brain tissue. This hemochromogen is autoxidizable and it forms an oxidation-reduction system with a potential estimated as-0.13 volt at pH 7.5 and 15°C. It would appear to us that the hemochromogen observed by Yoshikawa is identical with the one that we have observed in the microsomes isolated from liver.
Kun17 has treated washed rat liver particles (presumably mitochondria, microsomes and nuclei) with isobutanol in the presence of carboxymethyl cellulose. He obtained an extract which, on reduction, shows absorption bands at 560 mu and 530 m,u. This extract catalyzes the transfer of electrons from reduced DPN or TPN to cytochrome c. Kun suggests the possible identity of this component with cytochrome b. We believe that his component may be related to the microsome pigment. However, in view of the extraction procedure he uses, no definite conclusion can be made at this time.
The biological function of the microsome hemochromogen is not known to us. The known functions of the microsomes themselves are few: they are known to be active in the incorporation of amino acids into proteins"8 and to have the ability to transfer electrons from reduced DPN to an added acceptor such as cytochrome c.'9 The microsomal hemochromogen may well function in the transport of electrons from reduced DPN. If it does, then it seems doubtful that cytochrome c can be the acceptor of electrons, since the microsomes contain little, if any, cytochrome c. Further, since the microsomes are relatively inactive in carrying out oxidative processes,2 the microsome hemochromogen does not appear to function in oxidative reactions in place of the normal cytochrome system.
It may be that the hemochromogen is involved instead in reductive synthetic reactions, e.g., the formation of saturated fatty acids and the steroids, wherein a -CH==CH-bond becomes reduced to a -CH2--CH2-bond. This hemochromogen forms an oxidation-reduction system with a potential lower than any other known naturally occurring hemochromogen and, indeed, some 100 millivolts negative to the succinate-fumarate system at pH 7.0. It would therefore be a satisfactory agent for the transfer of electrons in this type of reductive synthesis. Its localization in the microsomes and its especially high concentration in the liver would be in keeping with such a role. The liver, with its predominantly venous blood supply, is an ideal organ in which to carry on reductive processes and the microsomes, with their low oxidative capacity, -would be a logical site within the liver cell for such processes to occur. Thus the mitochondria could be looked upon as the site of oxidative reactions supplying high energy phosphate bonds and the microsomes as the site of reductive synthetic processes. The reduced pyridine nucleotides would supply the grist for both these mills.
Summary.-The major intrinsic pigment of liver microsomes is a protoporphyrin hemochromogen that resembles but is distinct from the cytochromes, a, b and c, which are not spectroscopically detectable in the microsomes. This hemochromogen forms an oxidation-reduction system with an Eo' of approximately -0.12 volt at pH 7.0. The oxidized form shows a sharp band at 414 m,u and a broad band at 525-535 m,u which is altered in the presence of nitric oxide but not cyanide. The hemochromogen is reversibly reduced by dithionite, reduced diphosphopyridine nucleotide, or ascorbate, with the appearance of bands at 557, 527 and 424
